clinical signs or these signs may be masked, particularly if the patient was very ill prior to treatment.
When the patient is first admitted it is sometimes impossible to assess ICP by clinical means, and therefore some patients are unknowingly in a situation of danger which may increase spontaneously or be acutely exaggerated by investigation under anusthesia. It is this particular 'at risk' group that one would wish to monitor continuously. However, as it may not be practicable to insert a transducer into every patient with definite or suspected papilloedema, we have been investigating alternative screening techniques.
It was reported by Jeppsson (1964) that the ICP could be correlated with the pulsatile pattern on the midline echo as demonstrated by the use of ultrasound transmission through the intact skull. They stated that the time taken for an echo to pulsate from minimum to maximum height was significantly shortened in patients with raised ICP. Subsequent reports, as well as work from our own laboratory, have failed to confirm this relationship. However, longer-term changes were seen which correlated well with ICP wave phenomena.
A standard ultrasound apparatus was modified to produce a record of the changes in height of the midline echo. Twenty-two patients whose ICP was continuously monitored were subjected to extended ultrasound recordings. Each recording lasted at least an hour and several recordings were obtained from most patients. Twelve of this group developed pressure waves at some time, and distinctive patterns were seen on the ultrasound record in each case. We refer to two components of the ultrasound record, the pulse or echo magnitude and the pulse amplitude.
During the occurrence of plateau waves the magnitude of the ultrasound decreased sharply as the ICP rose. At the same time the pulse amplitude increased as the pulse pressure of the ICP enlarged. The gain of the echo display frequently had to be increased to return the midline echo to the screen. When B waves occurred, wave forms of similar magnitude and identical frequency to the ICP tracing were recorded. Again the pulse amplitude increased with a rise in ICP. Since a specific echo may move up or down with cardiac systole the ultrasound pattern may be a direct or mirror-image facsimile of the ultrasound wave.
In the absence of ICP waves there is no difference in the ultrasound record at steady states of normal or moderately increased pressure. Thus far the technique seems capable only of demonstrating changes in pressure during the recording. Forty patients on whom the recording was made, subsequently found to be without intracranial pathology, never demonstrated these wave forms. With further development and refinement this technique may help to identify patients at risk from raised pressure in whom continuous monitoring might be advisable.
Conclusions
We have favoured a modified subdural transducer that allows calibration in situ and zero check for routine ICP monitoring. At times a ventricular catheter may be preferred if treatment of a high pressure state by repeated withdrawal of CSF seems desirable.
The occurrence of dangerous states of raised pressure may not always be obvious from the clinical signs. In particular the very dangerous state of ventricular obstruction may be predicted by pressure monitoring before its clinical declaration, at which time the patient's state may be serious or even irreversible. Similarly, monitoring may indicate postoperative complication before clinical changes occur.
Identification on admission of patients 'at risk' would be a useful screening technique for selecting patients for implanted recording devices. The ultrasound technique seems capable of identifying wave patterns. More refinement may allow a closer approach to quantifying ICP by this means. Mr Lindsay Symon, Mr N W C Dorsch and Dr R J Stephens (Institute ofNeurology and National Hospital, Queen Square, London WCIN3BG)
Intracranial Pressure Monitoring in Communicating Hydrocephalus
The work of Adams et al. (1965) led to a heightening of interest in 'communicating hydrocephalus'. Prior to this, many groups had been impressed with the occasional response of an obtunded and Section ofMeasurement in Medicine comatose patient with communicating hydrocephalus to the insertion of a ventriculoatrial shunt. It soon became apparent, however, that the insertion of a ventriculoatrial shunt was not entirely a benign procedure. Some of our patients developed troublesome subdural hydromas, some were made a great deal worse thereby, some even died (Illingworth 1970) . In view of these hazards it became clearly unacceptable to submit all patients with advancing dementia and evidence of ventricular dilatation to shunt procedures. Available criteria for differential diagnosis included lumbar air encephalography and isotope encephalography (Bannister et al. 1967 ), both of which in a typical case showed air or isotope retained in the ventricles, but no dispersal of air or isotope over the cortical surface. Both these tests gave equivocal findings on numerous occasions.
Our hypothesis for the commencement of intracranial pressure measurement depended on two observations. Some patients with communicating hydrocephalus show varying intracranial pressure from day to day. Also, some such cases in children become arrested, so that, although the hallmarks of a previously raised pressure are evident in changes in the skull vault and in dilated ventricles, pressure at the time of observation may be normal. We therefore hypothesized that the efficiency of absorptive mechanisms in communicating hydrocephalus varied, and that continuous recording might show episodically raised pressure which would be missed by episodic lumbar puncture. We presumed that these episodic rises in pressure would not occur with cerebral atrophy, and that therefore shunting might be worthwhile only in patients who showed rises, of pressure. The work of Lorenzo et al. (1970) supported the view that patients with communicating hydrocephalus show distortion of the CSF absorptive mechanisms. In an elaborate perfusion absorption study of the CSF they were able to show in two cases of adult communicating hydrocephalus that the rate of CSF absorption fell below the normal when pressure was raised to a critical degree.
Intraventricular measurement was not satisfactory because of the possibility of infection or ventricular irritation with possible subsequent blockage of a ventriculocaval shunt and the difficulty of maintaining a fluid conducting system in a dement. Lumbar subarachnoid pressure monitoring was likewise discarded. Subdural monitoring was rejected because of the difficulty of maintaining a fluid-tight transducer in the subdural space. The original 'cat' transducer of Come & Stephens (1967) was modified by Come et al. (1968) and subsequently by Dorsch et al. (1971) , and successfully implanted in baboons for a period of up to 9 months. Dural reaction never occurred, and the safety and inertness of the implant has been confirmed in patients for up to 3j weeks. Wire connexions are essential, but since we early decided that external zero reference was vital, and this necessitated some connexion of the machine to the exterior, the added electronic complexity of an entirely implantable machine did not appear justified. The most valuable monitoring period in such patients occurs at night during sleep, and the patient may be disconnected for the greater part of the day, thus greatly increasing comfort and sustaining morale.
The design and construction of these transducers has been described by Dorsch et al. (1971) and modified according to the coplanar principle of Schettini et al. (1971) .
Clinical Use
Data from satisfactory recordings in 12 patients were obtained. The majority were referred for exclusion of communicating hydrocephalus as a cause of their advancing intellectual deterioration. The majority showed periods of CSF pressure of over 200 mmH20 at some time in the 24 hours. Almost all showed episodic rises of intracranial pressure beyond this level, and it appears that B waves are a hallmark of many people other than those with defects in CSF absorption or raised intracranial pressure. The extreme importance of accurate bedside recording has emerged from this study. One helpful point in the analysis is that almost all the true increases in intracranial pressure are associated with an increased amplitude of pulsation, whereas changes in baseline induced by alterations in the patient's posture are not associated with appreciable alteration in amplitude, particularly at low gain. This point was evident from Lundberg's original consideration many years ago (1960) . Five of our patients showed typical A waves, and one patient showed an A wave only after ventriculography. Rerecording some days later did not confirm the presence of A waves in this patient, but all other patients with A waves were subjected to ventriculoatrial shunts.
It does not seem to us justified to establish continuous intra-arterial recording of blood pressure in such patients, but intermittent bedside recording has confirmed that the pressure waves are unassociated with appreciable rises in blood pressure. Considerations of justifiable investigation have also precluded the assessment of arterial Pco2 in these patients, but Lundberg's work has already established that Pco changes do not occur, at any rate in the rising phase of A waves.
Conclusions
Some patients at least with dilated ventricles and probable communicating hydrocephalus show A waves, we suspect because of disordered CSF aborptive capacity. The presence of B waves does not appear significant. Extradural pressure recording, although this does involve a small surgical operation, is without serious risk of infection or other risk. It is practicable in demented patients and we therefore believe that it can be usefully applied in differential diagnosis.
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Short Papers [Abstracts]
Assessing Oxygen Therapy Devices by J M Leigh FFA RCS (Westminster Hospital Medical School, London SWI) The problem of obtaining representative samples of mixed inspired gas during administration of oxygen can be solved by taking random samples of expired gas and locating their 02 and CO2 concentrations on the appropriate R line of the°2, CO2 diagram of Rahn & Fenn (1955) . The inspired concentration is then the intercept of the line on the oxygen axis. The method provides a convenient means for monitoring the effectiveness of oxygen administration in a wide range of circumstances. The calibration and use of an infra-red radiometer for measuring the temperature of the skin surface as a basis for assessing inflammation in rheumatoid and other types of inflammatory arthritis were described. Anti-inflammatory treatment, e.g. with intra-articular steroid injection, causes an appreciable drop in temperature which matches the reduction in vascularity shown by technetium scintiscans. Thermography, too, gives information on the raised skin temperature overlying inflamed joints; the use of isotherms enables quantitation of therapeutic response to be made by following the reduction in size of the higher temperature isotherms associated with inflammation.
REFERENCE
Experience with Echo-encephalography and Ultrasonic Lung Scans by D Gordon MB (West End Hospitalfor Neurology and Neurosurgery, London WI) A computerized echo-encephalograph which requires little specialist knowledge for its use was demonstrated. The instrument is of particular value for peripheral hospitals with no neurosurgical unit which nevertheless receive cases of head injury and must decide which ones to refer elsewhere for further investigation. In this context the propensity of the instrument to give some false positive but no false negative results is an advantage. Ultrasonic diagnosis of pulmonary embolism presents different problems, because the lung normally acts as a total reflector. In the presence of cedema the ultrasound travels edgeon through the alveolar walls, giving back a nondirectional diffuse scattered reflection. A pattern recognition technique has been developed to distinguish this from the specular echoes produced by reverberation in the chest wall.
